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(54) EL display device 



(57) An EL display device comprising a circuit for 
converting n bit digital data having red image information, 
n bit digital data having green image information, and n 
bit digital data having blue image information (n is a nat- 
ural number) inputted from the external into (n+1 ) bit dig- (r) 
ital data having red image information, (n+1) bit digital 
data having green image information, and (n+1 ) bit digital 
data having blue image information, respectively. A 
time-division circuit generates digital data signals from 
the (n+1) bit digital data having red, green and blue in- 
formation, and supplies said data signals to a data signal 
side driving circuit connected to the time-division circuit 
for generating corresponding digital current signals for 
pixels of an active matrix circuit connected to the data 
signal side driving circuit. (G) 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a method of 
driving an EL display device, a driving circuit for imple- 
menting the driving method, and an EL display device 
comprising the driving circuit. 

2. Description of the Related Art 

[0002] Techniques of forming a TFT (thin film transis- 
tor) on a substrate have been widely progressing in re- 
cent years, and development of applications thereof to 
an active matrix type display device are advancing. In 
particular, a TFT using a polysilicon film has a higher 
electric field effect mobility than a TFT using a conven- 
tional amorphous silicon film, and high speed operation 
is therefore possible. As a result, it becomes possible to 
perform pixel control, conventionally performed by a driv- 
ing circuit external to the substrate, by the driving circuit 
formed on the same substrate as a pixel. 
[0003] This type of active matrix display device has 
been in the spotlight because of the many advantages 
which can be obtained by incorporating various circuits 
and elements on the same substrate, such as reduced 
manufacturing cost, display device miniaturization, in- 
creased yield, and higher throughput. 
[0004] Presently, active matrix EL display devices with 
EL elements as self-light-emitting elements are actively 
researched. An EL display device is also referred to as 
an organic EL display (OELD) or an organic light emitting 
diode (OLED). 

[0005] Unlike a liquid crystal display device or the dis- 
plays, an EL display device is of a self-light-emitting type. 
An EL element is structured such that an EL layer is sand- 
wiched between a pair of electrodes. The EL layer typi- 
cally has a laminated structure. A laminated structure of 
"a hole transporting layer/ a light emitting layer/ an elec- 
tron transporting layer" proposed by Tang, et al. of East- 
man Kodak Co. is a typical laminated structure. This 
structure has very high light emitting efficiency, and thus, 
most of EL display devices that are now under research 
and development adopt this structure. 
[0006] Other than this, the laminated structure may be 
a hole injecting layer / a hole transporting layer / a light 
emitting layer / an electron transporting layer, or, a hole 
injecting layer/ a hole transporting layer/ a light emitting 
layer/ an electron transporting layer /an electron injecting 
layer laminated in this order on a pixel electrode. A fluo- 
rescent pigment or the like may be doped in an EL layer. 
[0007] When predetermined voltage is applied from a 
pair of electrodes to the EL layer structured as described 
in the above, recombination of carriers in the light emitting 
layer is caused to emit light. It is to be noted that light 
emission by an EL element may be herein referred to as 



driving of an EL element. 

[0008] Color display methods of an EL display device 
are roughly divided into four: a method where three kinds 
of EL elements emitting R (red), G (green), and B (blue) 

5 light, respectively, are formed; a method where EL ele- 
ments emitting white light are combined with a color filter 
of R, G, and B; a method where EL elements emitting 
blue or blue-green light are combined with a fluophor 
(fluorescent color conversion layer: CCM); and a method 

10 where EL elements corresponding to R, G, and B are 
superimposed on a transparent electrode used as a cath- 
ode (an opposing electrode). 

[0009] Generally, the luminance of red light emission 
is lowerthan the luminance of blue and green light emis- 
15 sion in many organic EL materials. When an organic EL 
material having such light emitting characteristics is used 
for an EL display device, the luminance of red in a dis- 
played image is low. 

Further, since the luminance of red light emission is lower 
20 than the luminance of blue and green light emission, a 
method is conventionally adopted where orange light the 
wavelength of which is a little shorter than that of red light 
is used as red light. However, in this case also, the lumi- 
nance of red itself of an image displayed on the EL display 
25 device is low, and an image which is intended to be dis- 
played in red is displayed in orange. As a result, only a 
display device, which has unbalanced luminance of red, 
green, and blue light emission and unsatisfactory white 
balance, can be provided. 

30 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in view 
of the above problems, and an object of the present in- 
35 vention is to provide a driving method and a driving circuit 
for realizing an EL display device with excellent white 
balance. 

[0011] A method of driving an EL display device ac- 
cording to the present invention is now described. In the 
40 driving method according to the present invention, in view 
of the lower luminance of red light emission of the EL 
light emitting layer, by suppressing the luminance of a 
green image and the luminance of a blue image, the lu- 
minance of a red image, the luminance of a green image, 
45 and the luminance of a blue image are well-balanced, 
which makes it possible to improve the white balance. It 
is to be noted that the present invention can be applied 
not only to EL light emitting elements using an EL light 
emitting layer which emits white light and a color filter but 
50 also to EL light emitting elements using an EL light emit- 
ting layer which emits red light, an EL light emitting layer 
which emits green light, and an EL light emitting layer 
which emits blue light. 

[0012] It is to be noted that here, for the sake of sim- 
55 plicity, a case where an original image signal inputted 
from the external is 6 bit digital data is described. First, 
reference is made to Fig. 1 , which shows the luminance 
of red (R) light emission, the luminance of green (G) light 
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emission, and the luminance of blue (B) light emission 
of EL light emitting elements with respect to gray-scale 
levels of the 6 bit digital data. It is to be noted that lumi- 
nance of 64 (= 2 6 ) gray-scale levels can be obtained from 
the 6 bit digital data. Further, it is to be noted that, though 
a case where 6 bit digital data is inputted is described 
herein, the driving method according to the present in- 
vention can also be applied to a case where n bit digital 
data is inputted (n is a natural number). 
[001 3] B Rmax , B Gmax , and B Bmax are the maximum val- 
ues of the luminance of red light emission, the luminance 
of green light emission, and the luminance of blue light 
emission, respectively (here, in the case of 64 gray-scale 
levels). It is to be noted that, for the sake of convenience, 
a case where B Gmax = B Bmax = 2B Rmax is assumed. 
[0014] As shown in Fig. 1, when the gray-scale level 
is at maximum (64), the luminance of red light emission, 
the luminance of green light emission, and the luminance 
of blue light emission take the maximum values B Rmax . 
B Gmax , and B Bmax , respectively. However, since the max- 
imum value B Rmax of the luminance of red light emission 
is half of the maximum value B Gmax of the luminance of 
green light emission or half of the maximum value B Bmax 
of the luminance of blue light emission, if the display is 
carried out with them being as they are, the maximum 
luminance varies and the white balance is unsatisfactory. 
[001 5] Figs. 2 and 3 are conceptual views of the meth- 
od of driving an EL display device according to the 
present invention. In the method of driving an EL display 
device according to the present invention, n bit digital 
data having red, green, and blue image information 
(gray-scale information) are converted into (n+1) bit dig- 
ital data, respectively. Here, a case where 6 bit digital 
data are converted into 7 bit digital data is described as 
an example. First, digital data conversion carried out in 
the driving method according to the present invention is 
described with reference to Fig. 3. 
[0016] Data conversion of 6 bit digital data having red 
image information is shown in Fig. 3R, data conversion 
of 6 bit digital data having green image information is 
shown in Fig. 3G , and data conversion of 6 bit digital data 
having blue image information is shown in Fig. 3B. 
[0017] First, data conversion of 6 bit digital data having 
red image information (gray-scale information) (Fig. 3R) 
is described. RO (=1) is added below R1 that is the least 
significant bit among the 6 bit digital data (R6 (MSB), R5, 
R4, R3, R2, and R1 (LSB)) having red image information. 
In other words, RO (=1) to serve as the least significant 
bit is added to the 6 bit digital data (R6 (MSB), R5, R4, 
R3, R2, and R1 (LSB)) having red image information. It 
is to be noted that the 6 bit digital data before the con- 
version (R6 (MSB), R5, R4, R3, R2, and R1 (LSB)) is 
used as the upper 6 bits of the 7 bit digital data after the 
conversion. In this way, the 6 bit digital data having red 
image information is converted into the 7 bit digital data 
in which the value of the least significant bit (LSB) is "1 ". 
[001 8] Next, data conversion of 6 bit digital data having 
green image information (gray-scale information) (Fig. 



3G) is described. G7 (=0) is added above G6 that is the 
most significant bit among the 6 bit digital data (G6 
(MSB), G5, G4, G3, G2, and G1 (LSB)) having green 
image information. In other words, G7 (=0) to serve as 

5 the most significant bit is added to the 6 bit digital data 
(G6 (MSB), G5, G4, G3, G2, and G1 (LSB)) having green 
image information. It is to be noted that the 6 bit digital 
data before the conversion (G6 (MSB), G5, G4, G3, G2, 
and G1 (LSB)) is used as the lower 6 bits of the 7 bit 

10 digital data after the conversion. In this way, the 6 bit 
digital data having green image information is converted 
into the 7 bit digital data in which the value of the most 
significant bit (MSB) is "0". 

[001 9] Next, data conversion of 6 bit digital data having 

15 blue image information (gray-scale information) (Fig. 3B) 
is described. The conversion of the 6 bit digital data hav- 
ing blue image information is similar to the conversion of 
the 6 bit digital data having green image information. B7 
(=0) is added above B6 that is the most significant bit 

20 among the 6 bit digital data (B6 (MSB), B5, B4, B3, B2, 
and B1 (LSB)) having blue image information. In other 
words, B7 (=0) to serve as the most significant bit is added 
to the 6 bit digital data (B6 (MSB), B5, B4, B3, B2, and 
B1 (LSB)) having blue image information. It is to be noted 

25 thatthe 6 bit digital databefore the conversion (B6 (MSB), 
B5, B4, B3, B2, and B1 (LSB)) is used as the lower 6 bits 
of the 7 bit digital data after the conversion. In this way, 
the 6 bit digital data having blue image information is 
converted into the 7 bit digital data in which the value of 

30 the most significant bit (MSB) is "0". 

[0020] As described in the above, the respective red, 
green, and blue 6 bit digital data are converted into 7 bit 
digital data. 

[0021] By carrying out such digital data conversion, as 

35 shown in Fig. 2A, the digital data having red image infor- 
mation presents the lowest luminance (here, 0) at the 
lowest gray-scale level (here, gray-scale level 2), and 
presents the highest luminance B Rmax at the highest 
gray-scale level (here, gray-scale level 128). Display of 

40 64 gray-scales from gray-scale level 2 to gray-scale level 
1 28 can be carried out with two gray scale levels as one 
step and the luminance being from the lowest luminance 
to the highest luminance B Rmax . 
[0022] As shown in Fig. 2B, the digital data having 

45 green image information presents the lowest luminance 
(here, 0) at the lowest gray-scale level (here, gray-scale 
level 1), and presents the highest luminance B Rmax at 
the highest gray-scale level (here, gray-scale level 64). 
Here, the highest gray-scale level is 64 because the bit 

50 of the value of the most significant bit becomes "0" 
through the above-described digital data conversion. In 
this way, display of 64 gray-scales from gray-scale level 
1 to gray-scale level 64 can be carried out with the lumi- 
nance being from the lowest luminance to the highest 

55 luminance B Rmax . 

[0023] As shown in Fig. 2B, the digital data having blue 
image information presents the lowest luminance (here, 
0) at the lowest gray-scale level (here, gray-scale level 
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1 ), and presents the highest luminance B Rmax atthe high- 
est gray-scale level (here, gray-scale level 64). Here, 
similarly to the case of green, the highest gray-scale level 
is 64 because the value of the most significant bit be- 
comes "0" through the above -described digital data con- 
version. In this way, display of 64 gray-scales from 
gray-scale level 1 to gray-scale level 64 can be carried 
out with the luminance being from the lowest luminance 
to the highest luminance B Rmax . 
[0024] Therefore, all of the highest luminance of red, 
the highest luminance of green, and the highest lumi- 
nance of blue are the highest luminance B Rmax of red, 
and thus, display can be carried out with the luminance 
of red, the luminance of green, and the luminance of blue 
being well-balanced. 

[0025] Further, a general case where n bit digital data 
having red image information (gray-scale information), n 
bit digital data having green image information 
(gray-scale information), and n bit digital data having blue 
image information (gray-scale information) are respec- 
tively converted i nto (n+1 ) bit digital data is now described 
with reference to Fig. 7. 

[0026] Data conversion of n bit digital data having red 
image information is shown in Fig. 7R, data conversion 
of n bit digital data having green image information is 
shown in Fig. 7G , and data conversion of n bit digital data 
having blue image information is shown in Fig. 7B. 
[0027] First, data conversion of n bit digital data having 
red image information (gray-scale information) (Fig. 7R) 
is described. RO (=1) is added below that is the least 
significant bit among the n bit digital data (Rn (MSB), Rn- 
1, R3, R2, and R1 (LSB)) having red image informa- 
tion. In other words, RO (=1 ) to serve as the least signif- 
icant bit is added to the n bit digital data (Rn (MSB), Rn- 
1, R3, R2, and R1 (LSB)) having red image informa- 
tion. It is to be noted that the n bit digital data before the 
conversion (Rn(MSB), Rn-1, R3, R2, and R1 (LSB)) 
is used as the upper n bits of the (n+1) bit digital data 
after the conversion. In this way, the n bit digital data 
having red image information is converted into the (n+1) 
bit digital data in which the value of the least significant 
bit (LSB) is "1". 

[0028] Next, data conversion of n bit digital data having 
green image information (gray-scale information) (Fig. 
7G) is described. Gn+1 (=0) is added above the most 
significant bit amount the n bit digital data (Gn (MSB), 
Gn-1, G3, G2, and G1 (LSB)) having green image 
information. In other words, Gn+1 (=0) to serve as the 
most significant bit is added to the n bit digital data (Gn 
(MSB), Gn-1, G3, G2, and G1 (LSB)) having green 
image information. It is to be noted that the n bit digital 
data before the conversion (Gn (MSB), Gn-1, G3, G2, 
and G1 (LSB)) is used as the lower n bits of the (n+1) bit 
digital data after the conversion. In this way, the n bit 
digital data having green image information is converted 
into the (n+1) bit digital data in which the value of the 
most significant bit (MSB) is "0". 
[0029] Next, data conversion of n bit digital data having 



blue image information (gray-scale information) (Fig. 7B) 
is described. The conversion of the n bit digital data hav- 
ing blue image information is similar to the conversion of 
the n bit digital data having green image information. 
5 Bn+1 (=0) is added above the most significant bit among 
the n bit digital data (Bn (MSB), Bn-1 , B3, B2, and B1 
(LSB)) having blue image information. In other words, 
Bn+1 (=0) to serve as the most significant bit is added to 
the n bit digital data (Bn (MSB), Bn-1 , B3, B2, and B1 
10 (LSB)) having blue image information. It is to be noted 
that the n bit digital data before the conversion (Bn (MSB), 
Bn-1, B3, B2, and B1 (LSB)) is used as the lower n 
bits of the (n+1) bit digital data after the conversion. In 
this way, the n bit digital data having blue image infor- 
ms mation is converted into the (n+1) bit digital data in which 
the value of the most significant bit (MSB) is "0". 
[0030] As described in the above, the respective red, 
green, and blue n bit digital data are converted into (n+1) 
bit digital data. 

20 [0031 ] By carrying out such digital data conversion, as 
shown in Fig. 2A, the digital data having red image infor- 
mation presents the lowest luminance (here, 0) at the 
lowest gray-scale level (here, gray-scale level 2 1 = 2), 
and presents the highest luminance B Rmax atthe highest 

25 gray-scale level (here, gray-scale level 2 n+1 ). Display of 
2 n gray-scales from gray-scale level 2 to gray-scale level 
2 n+1 can be carried out with two gray-scales as one step 
and with the luminance being from the lowest luminance 
to the highest luminance B Rmax . 

30 [0032] As shown in Fig. 2B, the digital data having 
green image information presents the lowest luminance 
(here, 0) atthe lowest gray-scale level (here, gray-scale 
level 2° = 1 ), and presents the highest luminance B Rmax 
atthe highest gray-scale level (here, gray-scale level 2"). 

35 Here, the highest gray-scale level is 2" because the value 
of the most significant bit becomes "0" through the 
above-described digital data conversion. In this way, dis- 
play of 2 n gray-scales from gray-scale level 1 to 
gray-scale level 2" can be carried out with the luminance 

40 being fromthe lowest luminance to the highest luminance 

BRmax- 

[0033] As shown in Fig. 2B, the digital data having blue 
image information presents the lowest luminance (here, 
0) at the lowest gray-scale level (here, gray-scale level 

45 2° = 1 ), and presents the highest luminance B Rmax at the 
highest gray-scale level (here, gray-scale level 2"). Here, 
similar to the case of green, the highest gray-scale level 
is 2 n because the most significant bit of the data 
becomes "0" through the above-described digital data 

50 conversion. In this way, display of 2" gray-scales from 
gray-scale level 1 to gray-scale level 2 n can be carried 
out with the luminance being from the lowest luminance 
to the highest luminance B Rmax . 

[0034] Therefore, all of the highest luminance of red, 
55 the highest luminance of green, and the highest lumi- 
nance of blue are the highest luminance B Rmax of red, 
and thus, display can be carried out with the luminance 
of red, the luminance of green, and the luminance of blue 
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being well-balanced. 

[0035] Now, operation from inputting the digital data 
to the EL display device to displaying an image display 
in the driving method according to the present invention 
is described with reference to Fig. 4. Though a case 
where image information is provided as 7 bit digital data 
is described here as an example, the present invention 
is not limited thereto. 

[0036] First, one frame of an image is divided into sev- 
en subframes. It is to be noted that one cycle for inputting 
data to all the pixels in a display region of an EL display 
device is referred to as one frame. In a typical EL display 
device, the frequency is 60 Hz. In otherwords, 60 frames 
are formed in one second. If the number of framesformed 
in one second is less than 60, flicker of an image is vis- 
ually conspicuous. It is to be noted that a plurality of di- 
visions of one frame are referred to as subframes. 
[0037] One subframe can be broken down into an ad- 
dress time period (Ta) and a sustain time period (Ts). An 
address time period is the whole time period necessary 
for inputting data to all the pixels in one subframe. A sus- 
tain time period (which may be called also as a lighting 
time period) is atime period during which the ELelements 
emit light. 

[0038] Here, the first subframe is denoted as SF1 , and 
the second to the seventh subframes are denoted as SF2 
- SF7, respectively. The address time period (Ta) is con- 
stant with regard to all of SF1 - SF7. On the other hand, 
the sustain time period (Ts) of SF1 - SF7 are denoted as 
Ts1 - Ts7, respectively. It is to be noted that the display 
of SF1 corresponds to the most significant bit while the 
display of SF7 corresponds to the least significant bit. 
[0039] Here, the sustain time periods are set such that 
Ts1 :Ts2:Ts3:Ts4:Ts5:Ts6:Ts7 = 1 : 1/2: 1/4: 1/8:1/1 6: 
1/32:1/64. It is to be noted that the order of appearance 
of SF1 -SF7 is arbitrary. By combiningthese sustain time 
periods, desired gray-scale display among the 128 
gray-scale levels can be carried out. 
[0040] It is to be noted that, in the method of driving 
an EL display device according to the present invention, 
since the least significant bit of digital data having red 
image information is always "1", the most significant bit 
of digital data having green image information is always 
"0", and the most significant bit of digital data having blue 
image information is always "0", practically display of 64 
gray-scales can be carried out with regard to each of red, 
green, and blue. 

[0041] First, with an opposing electrode (an electrode 
which is not connected to TFTs, typically a cathode) of 
EL elements of pixels having no voltage applied thereto 
(being unselected), digital data is inputted to each of the 
pixels with the EL elements emitting no light. The time 
period to do this is an address time period. When digital 
data is inputted to all the pixels and the address time 
period ends, voltage is applied to the opposing electrode 
(the opposing electrode is selected) to make the EL el- 
ements emit light simultaneously. The time period to do 
this is a sustain time period. The time period to carry out 



the light emitting (to light the pixels) is any of the time 
periods Ts1 - Ts7. 

[0042] Then, an address time period again begins. Af- 
ter digital data is inputted to each of the pixels, a sustain 
5 time period begins. The sustain time period is any of the 
time periods Ts1 -Ts7. 

[0043] Similar operation is repeated with regard to the 
remaining five subframes, and predetermined pixels are 
lighted in the respective subframes. 
w [0044] One frame ends when seven subframes ap- 
pear. Here, by accumulating the sustain time periods, 
the gray-scale of a pixel can be controlled and desired 
luminance can be realized. 

[0045] In case n bit digital data is inputted from the 
15 external and is converted into (n+1) bit digital data as 
described in the above, first, one frame is divided into 
(n+1) subframes (denoted as SF1, SF2, SF3, ... SF(n- 
1), SF(n), and SF(n+1)) so as to correspond to the (n+1) 
bits. As the number of the gray-scales increases, the 
20 number of divisions of one frame also increases, which 
makes it necessary to drive a driving circuit at a higher 
frequency. 

[0046] Each of the (n+1) subframes can be broken 
down into an address time period (Ta) and a sustain time 

25 period (Ts). More specifically, by selecting whether volt- 
age is applied to the opposing electrode common to all 
the EL elements or not, the address time period and the 
sustain time period are selected. 
[0047] Then, processing is carried out to set the sus- 

30 tain time periods (Ts1, Ts2, Ts3, ... Ts(n-1), Ts(n), and 
Ts(n+1) for SF1, SF2, SF3, ... SF (n-1), SF(n), and SF 
(n+1), respectively) forthe (n+1) subframes sothatTsI: 
Ts2:Ts3: ... :Ts(n-1 ):Ts(n):Ts(n+1) = 2°:2" 1 :2- 2 : ...2-( n " 2 ): 

2-(n-1) : 2-n_ 

35 [0048] With this state, in one arbitrary subframe, pixels 
are sequentially selected (strictly speaking, TFTs for 
switching of the respective pixels are selected) to apply 
predetermined gate voltage (corresponding to a data sig- 
nal) to gate electrodes of TFTs for current controlling). 

40 Here, an EL element of a pixel to which digital data to 
make conducting its TFT for current controlling is inputted 
emits light after an address time period ends for a sustain 
time period allotted to the subframe. In other words, pre- 
determined pixels are lighted. 

45 [0049] This operation is repeated with regard to each 
of the (n+1 ) subframes. By accumulating the sustain time 
periods, the gray-scales of the respective pixels can be 
controlled. When attention is focused on one arbitrary 
pixel, the gray-scale of the pixel is controlled depending 

50 on how long the pixel is lighted in the subframes (the 
number of sustain time periods the pixel goes through). 
[0050] Hereinbelow, the structure of the present inven- 
tion will be described in accordance with descriptions of 
claims. 

55 [0051] An EL display device according to the present 
invention is characterized in that the device includes a 
circuit for converting n bit digital data having red image 
information, n bit digital data having green image infor- 



5 



9 



EP 1 638 071 A2 



10 



mation, and n bit digital data having blue image informa- 
tion (n is a natural number) inputted from the external 
into (n+1) bit digital data having red image information, 
(n+1 ) bit digital data having green image information, and 
(n+1) bit digital data having blue image information, re- 
spectively, and in that, by adding a bit having the value 
of one below the least significant bit of the n bit digital 
data having red image information, adding a bit having 
the value of zero above the most significant bit of the n 
bit digital data having green image information, and by 
adding a bit having the value of zero above the most 
significant bit of the n bit digital data having blue image 
information, the circuit produces the (n+1 ) bit digital data 
having red image information, the (n+1) bit digital data 
having green image information, and the (n+1) bit digital 
data having blue image information, respectively, to be 
used for displaying an image. 

[0052] Further, a method of driving an EL display de- 
vice according to the present invention is characterized 
in that the method comprises the steps of: adding a bit 
having the value of one below the least significant bit of 
n bit digital data having red image information inputted 
from the external; adding a bit having the value of zero 
above the most significant bit of n bit digital data having 
green image information inputted from the external; and 
adding a bit having the value of zero above the most 
significant bit of n bit digital data having blue image in- 
formation inputted from the external, whereby producing 
(n+1 ) bit digital data having red image information, (n+1 ) 
bit digital data having green image information, and (n+1 ) 
bit digital data having blue image information, respec- 
tively; and inputting the (n+1) bit digital data having red 
image information, the (n+1 ) bit digital data having green 
image information, and the (n+1) bit digital data having 
blue image information to a time-division gray-scale data 
signal generating circuit, the time-division gray-scale da- 
ta signal generating circuit dividing one frame into (n+1 ) 
subframes (SF1, SF2, SF3, ... SF (n-1), SF(n), and SF 
(n+1)) and selecting an address time period (T a ) and a 
sustain time period (Ts1 , Ts2, Ts3, ... Ts(n-1), Ts(n), and 
Ts(n+1) for SF1, SF2, SF3, ... SF (n-1), SF(n), and SF 
(n+1), respectively) for each of the (n+1) subframes, the 
sustain time periods for the (n+1) subframes being set 
so that Ts1:Ts2:Ts3: ... :Ts(n-1):Ts(n):Ts(n+1) = 2°:2- 1 : 
2 -2 : ... :2-( n - 2 ):2 _ ( n - 1 ):2" n . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] In the accompanying drawings: 

Fig. 1 is a graph showing the luminance of light emis- 
sion with respect to gray-scale levels of an EL display 
device; 

Fig. 2 is a graph showing the luminance of light emis- 
sion with respect to gray-scale levels of an EL display 
device in accordance with the present invention; 
Fig. 3 illustrates a method of converting digital data 
in a method of driving the EL display device in ac- 



cordance with the present invention; 

Fig. 4 is a timing chart of the method of driving the 

EL display device in accordance with the present 

invention; 

5 Fig. 5 is a schematic block diagram of the EL display 
device in accordance with the present invention; 
Fig. 6 is a circuit diagram of a pixel of the EL display 
device in accordance with the present invention; 
Fig. 7 illustrates a method of converting digital data 
10 in the method of driving the EL display device in ac- 
cordance with the present invention; 
Fig. 8 is a graph showingthe luminance of light emis- 
sion with respect to gray-scale levels of the EL dis- 
play device in accordance with the present invention; 
15 and 

Fig. 9 shows examples of electronic equipment using 
the EL display device in accordance with the present 
invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED EM- 
BODIMENT 

[0054] An embodiment mode of the present invention 
will be described in the following. 
25 [0055] Reference is made to Fig. 5, which is a sche- 
matic block diagram of an EL display device having a 
driving circuit, which employs a driving method in accord- 
ance with the present invention. 

[0056] In the present embodiment mode, 6 bit digital 

30 data having red, green, and blue image information 
(gray-scale information), respectively, are inputted from 
the external. Note that, as described in the above, n bit 
digital data having red, green, and blue image information 
(gray-scale information), respectively, may also be input- 

35 ted from the external. 

[0057] First, in the EL display device according to the 
present invention shown in Fig. 5, a pixel portion 101, 
and, a driving circuit 1 02 on the side of data signals and 
a driving circuit 103 on the side of gate signals both of 

40 which are disposed on the periphery of the pixel portion 
101, are formed with TFTs formed on a substrate. Note 
that a pair of such driving circuits 1 02 on the side of data 
signals may be provided so as to sandwich the pixel por- 
tion 101, and a pair of such driving circuits 103 on the 

45 side of gate signals may be provided so as to sandwich 
the pixel portion 101 . 

[0058] The driving circuit 1 02 on the side of data sig- 
nals basically includes a shift register 102a, a latch (A) 
102b, and a latch (B) 102c. A clock signal (CK) and a 

50 start pulse (SP) are inputted to the shift register 102a. 
Digital data (digital data (R), digital data (G), and digital 
data (B)) are inputted to the latch (A) 102b, and a latch 
signal is inputted to the latch (B) 1 02c. 
[0059] In the present invention, data inputted to the 

55 pixel portion 101 is digital data. More specifically, digital 
data having information of either "0" or "1" is inputted as 
it is to the pixel portion 1 01 . 

[0060] A plurality of pixels 1 04 are arranged in matrix 
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in the pixel portion 101. Fig. 6 is an enlarged view of a 
pixel 1 04. In Fig. 6, a TFT 105 for switching is connected 
to a gate wiring 106 for inputting a gate signal and to a 
data wiring (also referred to as a source wiring) 1 07 for 
inputting a data signal. 

[0061] A gate of a TFT 108 for current controlling is 
connected to a drain of the TFT 1 05 for switching. A drain 
of the TFT 1 08 for current controlling is connected to an 
EL element 109 while a source of the TFT 1 08 for current 
controlling is connected to a power source supply line 
1 1 0. The EL element 1 09 is formed of an anode (a pixel 
electrode) connected to the TFT 1 08 for current control- 
ling and a cathode (an opposing electrode) provided so 
as to oppose the anode with an EL layer sandwiched 
therebetween. The cathode is connected to a predeter- 
mined power source 111. 

[0062] A capacitor 1 1 2 is provided to maintain the gate 
voltage of the TFT 108 for current controlling when the 
TFT 105 for switching is in an unselected state (OFF 
state). The capacitor 1 1 2 is connected to the drain of the 
TFT 105 for switching and to the power source supply 
line 110. 

[0063] Digital data inputted to the pixel portion 101 
structured as described in the above is produced by a 
time-division gray-scale data signal generating circuit 
113 and a digital data converting circuit 1 14. 6 bit digital 
data (6 bit digital data (R), 6 bit digital data (G), and 6 bit 
digital data (B)) inputted from the external are converted 
into 7 bit digital data (7 bit digital data (R), 7 bit digital 
data (G), and 7 bit digital data (B)), respectively, by the 
digital data converting circuit 114. It is to be noted that 
the method of converting the digital data is as described 
in the above. 

[0064] The 7 bit digital data (7 bit digital data (R), 7 bit 
digital data (G), and 7 bit digital data (B)) produced by 
the digital data converting circuit 1 14 are inputted to the 
time-division gray-scale data signal generating circuit 
1 1 3. The time-division gray-scale data signal generating 
circuit 1 1 3 is a circuit for converting 7 bit digital data into 
digital data for carrying out time-division gray-scale and 
for generating a timing pulse and the like necessary for 
carrying out time-division gray-scale display. Here, the 
time-division gray-scale data signal generating circuit 
113 comprises means for dividing one frame into seven 
subf rames corresponding to the 7 bit gray-scales, means 
for selecting an address time period and a sustain time 
period for each of the seven subframes, and means for 
setting the sustain time periods such that Ts1 :Ts2:Ts3: 
Ts4:Ts5:Ts6:Ts7 = 1:1/2:1/4:1/8:1/16:1 /32: 1 /64. 
[0065] It is to be noted that, in case (n+1) bit digital 
data is inputted to the time-division gray-scale data signal 
generating circuit 113, the time-division gray-scale data 
signal generating circuit 1 13 comprises means for divid- 
ing one frame into (n+1 ) subframes corresponding to the 
(n+1) bit gray-scales, means for selecting an address 
time period and a sustain time period for each of the (n+1 ) 
subframes, and means for setting the sustain time peri- 
ods so that Ts1 :Ts2:Ts3: ... :Ts(n-1):Ts(n):rs(n+1) = 2°: 



2- 1 :2- 2 : ... :2-(n-2):2-(n-i):2 n . 

[0066] The time-division gray-scale data signal gener- 
ating circuit 1 1 3 may be provided outside the EL display 
device according to the present invention. In this case, 

5 digital data formed there is structured to be inputted to 
the EL display device according to the present invention. 
In this case, an electronic apparatus having as its display 
the EL display device according to the present invention 
includes the EL display device according to the present 

10 invention and the time-division gray-scale data signal 
generating circuit as different parts. 
[0067] Further, the time-division gray-scale data signal 
generating circuit 1 13 may be mounted in the form of an 
IC chip or the like on the EL display device according to 

15 the present invention. In that case, digital data formed 
by the IC chip is structured to be inputted to the EL display 
device according to the present invention. In this case, 
an electronic apparatus having as its display the EL dis- 
play device according to the present invention includes 

20 as its part the EL display device according to the present 
invention having the IC chip including the time-division 
gray-scale data signal generating circuit 113 mounted 
thereon. 

[0068] Still further, ultimately, the time-division 
25 gray-scale data signal generating circuit 113 can be 
formed with a TFT on the substrate having the pixel por- 
tion 1 04, the driving circuit 1 02 on the side of data signals, 
and the driving circuit 103 on the side of gate signals 
formed thereon. Inthiscase, by inputtingtothe ELdisplay 
30 device digital video data including image information, all 
the processing can be carried out on the substrate. 

Embodiment 1 

35 [0069] The ELdisplay device using the driving method 
according to the present invention (hereinafter referred 
to as "the EL display device according to the present 
invention") can be incorporated into various electronic 
equipment to be used. 

40 [0070] Such electronic equipment include a video 
camera, a digital camera, a head-mounted display (a 
goggle-type display), a game machine, a car navigation 
system, a personal computer, a personal digital assistant 
(such as a mobile computer, a portable telephone, or an 

45 electronic book). Fig. 9 shows examples of such elec- 
tronic equipment. 

[0071] Fig. 9A shows a personal computer formed of 
a main body 7001 , an image input portion 7002, an EL 
display device 7003 according to the present invention, 

50 and a keyboard 7004. 

[0072] Fig. 9B shows a video camera formed of a main 
body 71 01 , an EL display device 71 02 according to the 
present invention, a voice input portion 7103, a control 
switch 71 04, a battery 71 05, and an image receiving por- 

55 tion7106. 

[0073] Fig. 9C shows a mobile computer formed of a 
main body 7201, a camera portion 7202, an image re- 
ceiving portion 7203, a control switch 7204, and an EL 
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display device 7205 according to the present invention. 
[0074] Fig. 9D shows a goggle-type display formed of 
a main body 7301 , an EL display device 7302 according 
to the present invention, and an arm portion 7303. 
[0075] Fig. 9E shows a player using a recording me- 
dium with a program recorded thereon (hereinafter re- 
ferred to as a recording medium) formed of a main body 
7401 , an EL display device 7402 according to the present 
invention, a speaker portion 7403, a recording medium 
7404, and a control switch 7405. It is to be noted that the 
apparatus uses a DVD (digital versatile disc), a CD, or 
the like as the recording medium. With the apparatus, 
one can enjoy music, a movie, a game, or the Internet. 
[0076] Fig. 9F shows a game machine formed of a 
main body 7501, an EL display device 7502 according 
to the present invention, another EL display device 7503 
according to the present invention, a recording medium 
7504, a controller 7505, a sensor portion 7506 for the 
main body, a sensor portion 7507, and a CPU portion 
7508. The sensor portion 7506 forthe main body and the 
sensor portion 7507 can sense infrared radiation emitted 
from the control Ier7505 andthe main body 7501 , respec- 
tively. 

[0077] As described in the above, the application of 
the EL display device according to the present invention 
is very wide, and the EL display device can be applied 
to electronic apparatus of all fields. 
[0078] According to the present invention, the white 
balance can be improved to carry out satisfactory display 
even with regard to an EL display device using an EL 
light emitting layer with low luminance of red light emis- 
sion. 



Claims 

1. An EL display device comprising: 

a circuit for converting n bit digital data having 
red image information, n bit digital data having 
green image information, and n bit digital data 
having blue image information (n is a natural 
number) inputted from the external into (n+1 ) bit 
digital data having red image information, (n+1) 
bit digital data having green image information, 
and (n+1) bit digital data having blue image in- 
formation, respectively; 

a time-division circuit for generating digital data 

signals from the (n+1 ) bit digital data having red, 

green and blue information; 

a data signal side driving circuit connected to 

the time-division circuit; and 

an active matrix circuit connected to the data 

signal side driving circuit. 

2. The EL display device according to claim 1 , wherein 
said time-division circuit generates digital data sig- 
nals by dividing one frame into (n+1) subframes 



(SF1, SF2, SF3, ... SF (n-1), SF(n), and SF (n+1)) 
and selecting an address time period (Ta) and a sus- 
tain time period (Ts1, Ts2, Ts3, ... Ts(n-1), Ts(n), 
and Ts(n+1)forSF1, SF2, SF3, ... SF (n-1), SF(n), 
5 and SF (n+1), respectively) for each of the (n+1) sub- 
frames, the sustain time periods for the (n+1) sub- 
frames being set so that Ts1 :Ts2:Ts3: ... :Ts(n-1):Ts 
(n):Ts(n+1) = 2°:2- 1 :2- 2 : ... : 2-(n-2); 2 -(n-i):2-2. 

10 3. An EL display device comprising: 

means for adding a bit having the value of one 
below the least significant bit of n bit digital data 
having red image information inputted from the 
15 external; 

means for adding a bit having the value of zero 
above the most significant bit of n bit digital data 
having green image information inputted from 
the external; 

20 means for adding a bit having the value of zero 

above the most significant bit of n bit digital data 
having blue image information inputted from the 
external; and 

means for generating digital data signals from 
25 the (n+1) bit digital data having red, green and 

blue information. 

4. An electronic equipment having the EL display de- 
vice according to claim 1 , 2 or 3, wherein the elec- 

30 tronic equipment is selected from the group consist- 
ing of a video camera, a digital camera, a 
head-mounted display, a game machine, a car nav- 
igation system, a personal computer, a mobile com- 
puter, a portable telephone and an electronic book. 

35 

5. A personal digital assistant comprising: 

a main body; 

an EL display device according to claim 1 , 2 or 
40 3; and 

a control switch. 

6. The personal digital assistant according to claim 5, 
wherein the personal digital assistant is selected 

45 from the group consisting of a mobile computer, a 
portable phone and an electronic book. 
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